The requirement of NMDA receptor (NMDAR) activity for memory formation is well described. However, the plasticity mechanisms for memory can be modified by experience, such that a future similar learning becomes independent of NMDARs. This effect has often been reported in learning events conducted with a few days interval. In this work, we asked whether the NMDAR-independency is permanent or the brain regions and plasticity mechanisms of experience-dependent learning may change over time. Considering that contextual memories undergo a gradual reorganization over time, becoming progressively independent from the hippocampus and dependent upon cortical regions, we investigated the brain regions mediating a new related learning conducted at a remote time-point, when the first memory was already cortically established. First, we demonstrated that anterior cingulate cortex was not able to support a learning subsequent to a previous systems-level consolidated memory; it did require at least one functional subregion of the hippocampus (ventral or dorsal). Moreover, after replicating findings showing that a few days interval between trainings induces a NMDARindependent learning, we managed to show that a learning following a longer interval once again becomes dependent on NMDARs in the hippocampus. These findings suggest that while the previous memory grows independent from the hippocampus over time, an experience-dependent learning following a systems-consolidated memory once again engages the hippocampus and a NMDAR-dependent plasticity mechanism.
Introduction
Decades of research have led to significant advances in our understanding of the brain mechanisms underlying learning and memory. However, this knowledge was built almost exclusively on experimental models employing naïve animals, who typically undergo a single learning experience in their whole life. This is problematic since in reallife situations we are continuously forming new memories, which may involve important neurobiological adaptations that are poorly understood. Consistent evidence begins to emerge from a handful of studies pointing to a decisive role of previous experiences in how subsequent learning is encoded (for review see Crestani & Quillfeldt, 2016) .
Memories and synapses are dynamic in nature and capable of strengthening and weakening depending on behavioral tasks and stimulation protocols (Dudek & Bear, 1993; Kealy & Commins, 2010) . It is well established that memory consolidation involves NMDAR-mediated synaptic plasticity (Cercato et al., 2014; Fanselow & Kim, 1994; Huerta, Sun, Wilson, & Tonegawa, 2000; Inglis, Martin, & Morris, 2013; Kim, DeCola, Landeira-Fernandez, & Fanselow, 1991; Morris et al., 1986 Morris et al., , 2013 Morris, 1989; Shimizu, 2000; Tsien, Huerta, & Tonegawa, 1996) . However, synapses are capable of metaplasticity, whereby prior exposure (either behavioral or electrophysiological) can alter the plasticity of synapses (Bienenstock & Munro, 1982) . In other words, prior experience may cause modifications in the plasticity mechanisms that will then support a following learning. If animals have previously learned a task, the subsequent memory acquisition of a similar task will not depend on NMDAR recruitment. This phenomenon was demonstrated in different hippocampus-dependent behavioral tasks, such as the water maze (Bannerman, Good, Butcher, Ramsay, & Morris, 1995; Saucier & Cain, 1995; Saucier, Hargreaves, Boon, Vanderwolf, & Cain, 1996) , contextual fear conditioning (Caramanos & Shapiro, 1994; Inglis et al., 2013; Sanders & Fanselow, 2003; Tayler et al., 2011; Wiltgen et al., 2010 Wiltgen et al., , 2011 and inhibitory avoidance (Cammarota, Bevilaqua, Köhler, Medina, & Izquierdo, 2005; Roesler et al., 1998) . Furthermore, it was shown that NMDAR-independent learning only occurs when animals are subsequently trained in the same task (Wiltgen, Wood, & Levy, 2011) , requiring at least a certain degree of similarity between contexts (Tayler et al., 2011) . Behavioral protocols used to evince and study NMDAR-independent learning usually have an interval of a few days between subsequent trainings. To this day, however, longer intervals have not been evaluated.
Another phenomenon that may take place with longer training-test intervals is systems consolidation, in which memories undergo a gradual brain reorganization over time (Frankland & Bontempi, 2005) . With the assistance of activity-related genes (c-fos, Arc or Zif268, see Barry et al., 2016 for differences between them) or metabolic imaging activity ([ 14 C]2-deoxyglucose), it was shown that over intervals of several weeks, memory retrieval depends progressively less on the hippocampus while, in parallel, an increasing engagement of the cortical areas takes place (Bontempi, Laurent-Demir, Destrade, & Jaffard, 1999; Frankland, Bontempi, Talkton, Kaczmarek, & Silva, 2004; Kitamura et al., 2017; Maviel, 2004) . Evidence points to the anterior cingulate cortex (ACC) as a repository of remote memories necessary to support their retrieval in a later moment (Bontempi et al., 1999; Cain, Saucier, Hall, Hargreaves, & Boon, 1996; Ding, Teixeira, & Frankland, 2008; Frankland, 2004; Haubrich et al., 2016; Kitamura et al., 2017; Lopez et al., 2012; Maviel, 2004; Teixeira, Pomedli, Maei, Kee, & Frankland, 2006; Weible, Rowland, Monaghan, Wolfgang, & Kentros, 2012) . Despite the wealth of studies demonstrating the dependence of remote memories on the ACC, it remains unclear whether this area is also required to support the acquisition of a similar learning experience at a remote time point. Thus, our main aim here was to investigate whether a hippocampusindependent remote memory can affect the acquisition of a subsequent memory, checking for the neuroanatomical and neurochemical changes verified. In the first experiment, we analyzed whether the retrieval of remote memory was effectively independent from the hippocampus, while in the second one, we investigated the ACC and HPC engagement in the encoding of a learning event subsequent to a memory already consolidated at the systems-level. Finally, we evaluated the plasticity mechanisms that mediate this experience-dependent learning by testing NMDAR dependence or independence either at a recent (3-day), or a remote (40-day) time point.
Material and methods

Animals
Male Wistar rats weighing 250-350 g from our University breeding colony (CREAL/UFRGS) were used. Animals were housed in plastic cages, five per cage, under a 12 h light/dark cycle and at constant temperature of 21 ± 1°C, with water and food ad libitum. All experiments were conducted in accordance to local animal care guidelines (Brazilian Federal Law 11,794/2008) and approved by the Ethics in the Use of Experimental Animals Committee of Federal University of Rio Grande do Sul (CEUA, Project UFRGS #28,277).
Behavioral procedure -contextual fear conditioning (CFC)
To create a learning event subsequent to a previous memory, rats underwent fear conditioning in context A followed by context B.
All experiments (with the exception of Experiment 1A) consisted of pre-exposure to the grid floors (day 1 and 2), training in context A (day 3), test in context A (day 4), training in context B (day 6 or day 43) and test in context B (day 7 or 44) -as described in detail below (see also figures schematics).
For the recent memory condition, training in context B was conducted 3 days after training in context A while in the remote memory condition, context B training was conducted 40 days later. Testing was always performed one day following training.
Each conditioning chamber was placed in a different room with constant fan background noise. All chambers consisted of the same grid floor: parallel 0.1 cm caliber stainless copper bars spaced 1.0 cm apart and were cleaned with 70% ethanol. The chamber where animals were pre-exposed was a rectangular beige Plexiglas box (20 × 50 × 22 cm). Context A was a square white Plexiglas box (22 × 22 × 25 cm) while context B consisted of a circular polyvinyl chloride box with black and white vertical stripes (diameter: 25 cm, height: 22 cm) and vanilla scent was added to the room; some drops of scent were put in a cotton inside a petri dish that was in a bench near to where animals were conditioned. The only similarity between context A and B was the grid floor.
Animals were pre-exposed to the grid floor for 10 min each day for two days prior to the contextual fear conditioning training which took place on day 3. During the training session, animals were habituated to the context (A or B) for a 3-min baseline period, and then received two 2-s, 0.5 mA footshocks separated by a 30-s interval. They were kept in the conditioning environment for an additional 30-s before they were returned to their homecage. Test sessions consisted of measuring the animal's freezing response during a 4 min re-exposure to the previously trained context.
During the training and test sessions freezing behavior was recorded by stopwatch minute by minute by an experienced observer, blind to the treatment groups. Freezing behavior was defined as the absence of all movements except those related to breathing, and expressed as percentage of total session time.
In the experiment 1A (Experiment 1A), rats were re-tested in context A 40 days after training, rather than trained in context B. This experiment was performed to evaluate whether in our protocol remote memory retrieval was hippocampus-independent.
Stereotaxic surgery and cannulation
Animals were anesthetized with a ketamine and xylazine association (75 and 10 mg/kg, respectively) infused intraperitoneally. Guide cannulae (22 gauge) were implanted bilaterally at dHPC, vHPC or ACC positioned just 1.0 mm above the target brain region (according to Paxinos & Watson, 1998) . Cannulae were positioned at the following coordinates with respect to Bregma (mm): −4.0 A/P, ± 3.0 M/L, −1.6 D/V (from brain surface) for CA1 region of the dHPC; −6.0 A/ P, ± 5.0 M/L, −6.5 D/V, for CA1 region of the vHPC; +2.7 A/ P, ± 0.5 M/L, −1.5 D/V, for ACC. Rats were allowed to recover for 6-7 days prior to behavioral testing. Animals were injected three times subcutaneously with antibiotic (tylosin -1 mg/kg) and anti-inflammatory drug (meloxicam -1.5ml/kg), once immediately preceding the surgery and again once daily, for two days following the surgery.
Drugs and infusion
Fifteen minutes prior to re-test on context A (Experiment 1A), training on context A (Experiment 2A) or training on context B (all others experiments, also including Experiment 2A) drugs (muscimol or AP5) or vehicle were infused into the target region with a 27 gauge injection cannula. Bilateral infusions were administered simultaneously using a two-syringe micropump. In 4-cannulae experiments, one side of a brain region (e.g., right dHPC) was infused simultaneously with the contralateral side of the other brain area (left ACC), and vice versa. The injectors were left in place for 30 s after the end of the infusion to allow for diffusion. The rats were then returned to their homecage until testing.
Muscimol (Sigma-Aldrich), a GABA A receptor agonist, was dissolved in a phosphate-buffered saline (PBS) solution to a concentration of 1 µg/µl and it, or its vehicle, was infused into the target brain region at a slow rate (20 μl/h) in a volume of 0.5 µl/hemisphere, 15 min prior to CFC training in context B. The muscimol infusion was used to suppress neuronal firing, thereby temporarily inactivating brain regions of interest.
AP5 (Sigma-Aldrich), an NMDAR antagonist, was diluted in phosphate-buffered saline solution to a concentration of 5 µg/µl and it, or its vehicle, was infused locally into the target brain region at a slow rate (20 μl/h) in a volume of 1.0 µl/hemisphere, 15 min prior to CFC training in context A or B.
Histology
Following the completion of the behavioral experiments, cannulae placements were verified by injecting 0.5 or 1 μl (the same volume of the drug infused) of methylene blue through the guide cannula. The brains were dissected and fixed in 10% formaldehyde in order to verify cannulae placement under low magnification (4×). If the dye was not observed in the proper place, behavioral data from that rat was excluded from analyses. Cannula placements for each experiment are represented in the supplementary material.
Statistical analysis
After checking for normality (Kolmogorov-Smirnov Test), data was analyzed by a 2 × 2 mixed-model ANOVA considering as a repeated measure (within measure) only one of the factors, i.e. the context/time that animals were tested (context A vs. context B). The group factor (veh vs. drug) was considered a between measure. Student-NewmanKeuls was used as a post hoc test and significance was set to P < 0.05, using Statistica version 7.
Results
Previously acquired, cortically dependent remote memory does not support the acquisition of a similar learning experience
Hippocampal dependency of memory retrieval is usually tested by dorsal hippocampus inhibition (Anagnostaras, Maren, & Fanselow, 1999; Frankland, 2004; Kim & Fanselow, 1992; Maviel, 2004) , despite the fact that some have proposed a potential regional compensation within the hippocampus, between dorsal and ventral division when inactivations are performed separately (de Hoz & Martin, 2014; Keinath et al., 2014; Wang, Finnie, Hardt, & Nader, 2012) . In light of this possibility, we first tested whether retrieval of remote memory is independent of the entire hippocampus (dPHC + vHPC) infusing the GABA A agonist muscimol directly into hippocampus. Animals were trained in context A and tested in the same context 40 days later (see Materials and Methods for details). A 2 × 2 mixed-model ANOVA showed that inactivation of dHPC + vHPC before testing at a remote time point did not impair memory retrieval. No significant effects of drug (F (1,12) = 0.0442, P = 0.8370) or time * drug interaction were observed (F (1,12) = 0.0000, P = 0.9960) (Fig. 1A) , indicating that remote memory retrieval does not depend on hippocampal activity. Also, a significant effect of time was observed (F (1,12) = 25.3357, P = 0.0002), such freezing response was lower at a remote time point when compared to one day after training, suggesting that the memory had weakened over time. The lower freezing levels displayed in the 1A experiment seems to be just a local spurious effect -probably due to the immobilization procedure needed for the drug infusion -since in retest session (data not shown) where no previous immobilization was necessary, freezing response was much higher remaining similar to that observed 24 h after training. Also, animals that were directly exposed to the same footshocks (4 × 0.5 mA/1s) before immediate removal were not able to establish a contextual association, demonstrating no freezing expression (data not shown).
Since previous works demonstrated that the retrieval of remote memories is often supported by ACC Frankland, 2004; Maviel, 2004) , we chose to evaluate whether the ACC would also be able to support the acquisition of a learning event subsequent to a memory previously consolidated at the systems level. To this end, animals were infused with GABA A agonist muscimol directly into ACC before the second training. Two-factor mixed design ANOVA revealed no effect of context (F (1,14) = 1.3877, P = 0.2584), drug (F (1,14) = 0.1971, P = 0.6638) or context * drug interaction (F (1,14) = 1.2268, P = 0.2867) (Fig. 1B) .
Considering that the inactivation of the ACC did not impair acquisition of subsequent learning, we next tested whether hippocampus would once again be required for subsequent contextual fear conditioning. First, dorsal (dHPC) or ventral hippocampus (vHPC) requirement were evaluated separately. After that, simultaneous inactivation of both areas (dHPC + vHPC) was performed to avoid a possible compensatory effect that could occur between both hippocampal subregions (de Hoz & Martin, 2014; Wang et al., 2012) . Twofactor mixed design ANOVA revealed that dHPC inactivation did not cause memory impairment. There was no effect of context F (1,14) = 0.1776, P = 0.6798), drug (F (1,14) = 0.020, P = 0.8886) or context * drug interaction (F (1,14) = 0.5443, P = 0.4728) (Fig. 1C) were observed. Likewise, vHPC inactivation did not cause memory impairment; Two-factor mixed design ANOVA revealed no significant effect of context (F (1,17) = 0.1299, P = 0.7229), drug (F (1,17) = 2.3763, P = 0.1415) or context * drug interaction (F (1,17) = 0.3814, P = 0.5450) (Fig. 1D ). However, 2 × 2 mixed-model ANOVA revealed that inhibition of the entire hippocampus (dHPC + vHPC) caused a significant effect of context * drug interaction (F (1,17) = 5.7585, P = 0.02814). Newman-Keuls post-hoc analysis showed that the MUS group demonstrated a learning impairment when compared to the VEH group in context B (P = 0.0120) (Fig. 1E) .
Therefore, our results collectively demonstrate that only the inactivation of the entire hippocampus (Fig. 1E ) was able to impair the encoding of a learning event subsequent to a similar memory previously consolidated at systems level (Fig. 1A) . In contrast, inactivation of just the dorsal (Fig. 1C) or the ventral (Fig. 1D ) HPC, or of the ACC (Fig. 1B) , did not impair memory retrieval. These results suggest that at least one hippocampal subregion is required for acquisition of an experience-dependent learning following a previously acquired, systemsconsolidated memory.
3.2. Hippocampal synaptic plasticity induced by the first learning has a time-dependent influence on the experience-dependent learning Since the hippocampus seems to be required for learning subsequent to a systems consolidated memory, we then investigated whether hippocampal plasticity induced by the first experience could still influence the subsequent learning at a remote time point. Our prediction was that the plasticity mechanisms would "reset", since the older memory is already independent of hippocampus. In the last experiment we demonstrated that at least one hippocampal subregion is reengaged for the acquisition of the subsequent learning. Thus, if the hippocampus is again required to memory encoding, it is possible that a resetting of plasticity mechanisms would also occur. For comparison, an experience-dependent learning experiment was performed at a recent (3 days) or remote (40 days) time point relative to the previously formed memory.
In both experiments animals were simultaneously infused with the NMDAR-antagonist AP5 into both the dHPC and vHPC before the second fear conditioning session. In the 3-day interval, two-factor mixed design ANOVA revealed a significant effect of context * drug interaction (F (1,13) = 14.6454, P = 0.0021). In this experiment, NewmanKeuls post-hoc analysis indicated that subsequent conditioning in context B was not reduced for NMDAR-antagonist AP5 (P = 0.8269), suggesting that learning subsequent to a previously consolidated recent memory remains independent from NMDARs ( Fig. 2A) . Additionally, AP5 impaired the learning of the first training (P = 0.0370), an effect that was not affected by pre-exposures to the grid floor. This result confirms the already established idea that first-time learning requires NMDAR while similar, subsequent learning does not (Bannerman et al.,
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Discussion
Our results indicate that learning subsequent to a systems-level consolidated, remote memory (Fig. 1A) is not supported by ACC (Fig. 1B) and requires at least one functional subregion of the hippocampus (ventral or dorsal - Fig. 1C, D and E) . Additionally, synaptic plasticity induced by the first learning has a time-dependent influence on the experience-dependent learning. It is NMDAR-independent when experience-dependent learning occurs at a recent time point ( Fig. 2A) and becomes once again dependent on NMDAR when it occurs at a remote time point (Fig. 2B) .
Contextual aversive memories are known to depend on the dorsal hippocampus which plays a critical role in processing cognitive maps (Bird & Burgess, 2008; Cohen, 2015; Moscovitch et al., 2005; Martin & Clark, 2007; Nadel, Hupbach, Gomez, & Newman-Smith, 2012) . However, representation of the environment loses details over time, a phenomenon termed memory generalization, which has also been correlated with systems consolidation (Winocur, Moscovitch, & Sekeres, 2007) . Hence, the hippocampus has a time-dependent role in memory retrieval that parallels the progressive take over of cortical areas (Anagnostaras et al., 1999; Frankland, 2004; Kim & Fanselow, 1992; Maviel, 2004) , and the consequent increase in memory generalization (De Oliveira Alvares et al., 2013; Moscovitch, Nadel, Winocur, Gilboa, & Rosenbaum, 2006; Wang, Teixeira, Wheeler, & Frankland, 2009) . In some situations, hippocampal neurons may still be involved in the recall of remote memories especially those with episodic details (Frankland & Bontempi, 2005) .
Nevertheless, research on systems consolidation usually targets the dorsal division of the hippocampus precluding wider conclusions involving other subregions such as the ventral hippocampus (Anagnostaras et al., 1999; Frankland, 2004; Kim & Fanselow, 1992; Maviel, 2004; Teixeira et al., 2006) . Although dHPC and vHPC have slightly different circuitries, projecting to different brain regions Biedenkapp & Rudy, 2008; Hunsaker, Fieldsted, Rosenberg, & Kesner, 2008; Jankord et al., 2011; PadillaCoreano et al., 2016; Phillips & LeDoux, 1992; Richmond et al., 1999; Zhang, Bast, Xu, & Feldon, 2014) , there are indications that one hippocampal subregion may compensate for the other when the other happens to be inactivated (de Hoz & Martin, 2014; Keinath et al., 2014; Wang et al., 2012) .
In this work, we inactivated both dHPC and vHPC to determine whether remote memory retrieval is independent of the entire hippocampus. Our data demonstrates that whole hippocampus inactivation does not impair remote memory retrieval, supporting the standard model of systems consolidation (Fig. 1A) . This is in accordance with Fig. 1 . Acquisition of an experience-dependent learning after systems consolidation of a previous memory requires the hippocampus and does not recruit the ACC. (I and II) Experimental design. Rats were pre-exposed to the grid floor (day 1 and day 2) for 10 min, fear conditioned in context A (day 3) and tested in the same context (day 4). In the first experiment, animals were then re-tested on context A 40 days after training. In all the following experiments, rats were trained on context B 40 days after training on context A. Vehicle or muscimol (GABAa agonist) was infused bilaterally into target regions immediately prior to training in context B. Contextual fear memory (% freezing) was assessed 24 h after each training session. (A) Retrieval of remote memory is independent from the entire hippocampus (N = 7, 7). (B) Pharmacological inactivation of ACC using muscimol did not impair subsequent, experiencedependent learning when animals have a previously systems-consolidated, remote memory (N = 7, 9). Encoding of a learning subsequent to a memory previously consolidated at the systems-level is impaired only when the entire hippocampus ((E), N = 9, 10), but not when just its dorsal ((C), N = 7, 9) or ventral longitudinal ((D) , N = 9, 10) divisions, are inactivated. Data represented as percent of freezing time during test session and expressed as mean ± S.E.M. (*) Significantly different from the respective control group (P < 0.05; effect of groups, two-factor mixed design ANOVA). Fig. 2 . Learning subsequent to a recently consolidated memory is NMDAR-independent, while learning subsequent to a remote, systems-level consolidated memory once again requires NMDAR in the hippocampus. (I and II) Experimental design. Rats were pre-exposed to the grid floor (day 1 and day 2) for 10 min, fear conditioned in context A (day 3) and tested in the same context (day 4). Animals were then trained on context B (day 6) to evaluate the influence of recent memory on subsequent learning plasticity. Vehicle or APV (NMDAR antagonist) was infused bilaterally into target regions immediately prior to training in context A and B. For remote memory, animals were trained on context B 40 days after training in context A. Vehicle or APV was infused bilaterally into target regions immediately prior to training in B. Contextual fear memory (% freezing) was assessed 24 h after each training session. (A) In a recent time point, first-time learning is impaired by NMDAR antagonist and subsequent, experience-dependent learning is not (N = 7, 8). (B) In a remote time point, subsequent learning is impaired by NMDAR-blockade (N = 9, 7). Data represented as percent of freezing time during test session and expressed as mean ± S.E.M. (*) Significantly different from the respective control group (P < 0.05; effect of groups, two-factor mixed design ANOVA).
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Neurobiology of Learning and Memory 150 (2018) 56-63 Varela et al. (2016) , that has elegantly demonstrated, using a chemicalgenetic tool, that retrieval of a remote memory does not require hippocampal activity (Varela et al., 2016) . However, it is important to point that hippocampus disengagement for remote memory retrieval observed in our study and in the others mentioned above can be due to the slow action of the pharmacological interventions here used, which could allow for other brain areas to compensate. A faster (optogenetic) hippocampal inactivation was shown to impair a remote memory retrieval because other areas cannot compensate quickly enough for the sudden loss of the hippocampal signal (Goshen et al., 2011) .
We also addressed the question of whether a cortically-established remote memory could provide support for the acquisition of a subsequent similar learning. Despite the importance of the ACC for a successful remote memory retrieval (Ding et al., 2008; Haubrich et al., 2016; Maviel, 2004; Teixeira et al., 2006) , our findings demonstrate that the ACC does not play an essential role in the acquisition of a subsequent, remote learning (Fig. 1B) . In accordance to our results, Tse et al. (2007 Tse et al. ( , 2011 has shown that a schema of the prior learning persists in the cortex regardless of its inability to support subsequent learnings without the concomitant activity of the hippocampus. They also demonstrated that systems consolidation might be accelerated when the animals already possess a cortical schema (Tse et al., 2007 (Tse et al., , 2011 . Likewise, previous studies from our laboratory have shown that systems consolidation may be accelerated by learning of novel tasks , by stress and increased shock intensity (Pedraza et al., 2016) and even by a subsequent learning experience (Pedraza, Sierra, Crestani, Quillfeldt, & de Oliveira, 2017) .
Furthermore, since animals were trained twice, with a long period of time between trainings, we tried to overcome the fear generalization phenomenon by pre-exposing them to the grid floor in a different context. The grid floor was considered a relevant contextual cue since the animals received footshocks through the floor. Baseline freezing before the training sessions was measured and compared to the measurements obtained in the two successive trainings in order to evaluate fear generalization. However, grid floor pre-exposition did not reduce fear generalization (data not shown). It is also important to consider that the pre-exposure could modify subsequent learning, thus interacting with the more recent learning (Biedenkapp & Rudy, 2007; Roesler et al., 1998) . To check whether this was the case, we infused AP5 into the animals previously exposed to the grid floor before the first contextual fear conditioning. Usually, NMDAR blocking is know to induce a severe impairment of memory consolidation in several behavioral tasks (Cercato et al., 2014; Fanselow & Kim, 1994; Faust, 2013; Kim et al., 1991; Morris, 1989; Young, Bohenek, & Fanselow, 1994) , as well as in electrophysiological studies (Morris et al., 1986; Tsien et al., 1996) . We have also observed a learning impairment when NMDAR was blocked before the first conditioning ( Fig. 2A) . However, in our experiment, the pre-exposure to the grid floor did not influence the plasticity mechanism originally required for first-time learning ( Fig. 2A) , which was still dependent on NMDAR. Other studies have demonstrated that pre-exposure to a highly similar context (Tayler et al., 2011) or to the very same context (Roesler et al., 1998) induces a learning that is independent of NMDAR. In our experiments, pre-exposure to the grid floor was performed in a different box, and thus probably not similar enough to induce a modification in the synaptic plasticity mechanisms. Thus, our findings reinforce the idea that firsttime learning is dependent on NMDAR and that exposure to a context different from that used in the training session is not sufficient to induce a modification in the plasticity mechanism. Additionally, situations in which the animals have learned a different, yet also hippocampal-dependent task, such as the water maze, they are not able to engage NMDAR independency .
In our hands, inhibition of NMDARs did not cause a reduction in the performance of the animals in the subsequent, experience-dependent learning at a recent time point (Fig. 2A) . While this result differs from Wang et al., 2012 , it is in agreement with studies suggesting that a prior learning alters subsequent plasticity mechanisms (Bannerman et al., 1995; Hardt, Wang, & Nader, 2009; Roesler et al., 1998; Sanders & Fanselow, 2003; Tayler et al., 2011; Wiltgen et al., 2011) . Wang et al. (2012) suggested that a previous learning experience may modify how the hippocampus processes subsequent similar learning. They demonstrated the requirement of dorsal hippocampus for first-time learning while subsequent learning (in a recent time point) could be acquired and consolidated by either dorsal or ventral hippocampus. Interestingly, they have shown that subsequent learning was also impaired by a NMDAR blocker, suggesting that prior experiences does not cause a modification of the plasticity mechanisms underlying subsequent learning (Wang et al., 2012) . These contrasting findings may be mainly due to differences in protocol: we have employed a lower shock intensity and a shorter interval between successive trainings, and our animals were pre-exposed twice to the grid floor. Considering that a dose-dependent effect of APV has being observed (Inglis et al., 2013) , where higher concentrations cause a reduction of the subsequent learning, one could expect that a protocol with lower-shock intensity would be more sensitive to the NMDAR antagonist. Here, we have employed a lower-shock intensity (weaker learning) when compared to Wang et al. (2012) , therefore it would be expected that the NMDAR antagonist would also be effective in blocking experience-dependent learning in our experimental design (Fig. 1A) . However, we did not observe learning impairment. A higher number of foot-shocks (4 versus 1) could compensate the lower-shock intensity that we have used. Thus, we speculate that the metaplasticity mechanism induced by first learning possibly reduces NMDAR-dependence, while not completely removing its requirement. In this way, a dose-dependent effect is likely to be observed, where higher APV concentrations could potentially cause a reduction of subsequent learning, as demonstrated by Inglis et al. (2013) . In our experiments, subsequent learning was not affected by APV when it occurs at a recent time-point after the first learning. However, memory was not impaired by the NMDAR antagonist when subsequent learning occurred at a remote time-point.
Moreover, Wiltgen et al. (2011) has suggested that the first conditioning results in a long-lasting (15 and 30 days after first training) modification of the cellular mechanisms underlying the encoding of new information. However, in that case, the NMDAR antagonist was infused systemically, preventing us from knowing which specific brain region(s) mediated the observed effects . In the present experiments, rats were infused with an NMDAR antagonist directly into the targeted brain region, indicating that learning subsequent to a systems-level consolidated, remote memory becomes once again dependent upon NMDARs in the entire hippocampus (Fig. 2B) , which suggests that the plasticity mechanisms supporting this learning were somehow "reset" in the hippocampus.
Conclusions
As a whole, our results have shown that (i) at least one longitudinal division of the hippocampus is necessary to encode a learning subsequent to a systems-level consolidated, remote memory, and (ii) in this region, it becomes once again dependent upon NMDARs. In our view, this suggest that the gradual decrease of hippocampal dependency, a characteristic of the systems consolidation process, may somehow involve a "reset" of the hippocampal molecular mechanisms behind the subsequent learning. By investigating the plastic changes that take place in sequential learning scenarios, we are better poised to understand the complex neurobiological nature of memory dynamics in reallife, natural conditions.
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